Introduction
Vibrio spp. are natural inhabitants of aquatic environments, and most human infections are acquired by exposure to such environments or to foods derived from them [l] . An increasing number of Vibrio spp. is recognised to be pathogenic to man, with Vibrio cholerae being the most important [l] . I? metschnikovii was first described in 1888 [2] . The bacterium is unique among human pathogenic Vibrio spp. as it is oxidase negative and does not reduce nitrate to nitrite [I, 31. I? metschnikovii is often isolated from the environment but rarely from human clinical specimens [l, 31.
Strains of l ! metschnikovii not associated with man have been isolated from river water, estuaries, sewage, far unknown.
cockles, oysters, lobsters, fowl [3] and a bird that died from a cholera-like illness [4] . Human-derived strains of the species have been isolated from a patient with peritonitis and an inflamed gall bladder [5] , two cases of septicaemia [6] and in pure culture from the faeces of a 60-year-old woman with diarrhoea [7] .
Limited data have been published concerning possible virulence factors of l! metschnikovii but it is not known if the species produces typical enterotoxins, such as Escherichia coli heat-stable enterotoxin or cholera enterotoxin. Although l! metschnikovii has been isolated from animal as well as human intestines, there is little evidence to suggest that the species causes enteritis in man [l, 31. However, Miyake et al.
[7] characterised a l! metschnikovii strain isolated from an episode of diarrhoea and demonstrated the production of a cytolysin that lysed erythrocytes and caused fluid accumulation in mice [7] .
Among the increasing number of molecular based typing methods applied in epidemiological studies of bacterial infections, ribotyping has proved to be a 
Materials and methods

Clinical specimens and antibiotic susceptibility
A passive cholera surveillance scheme was initiated in February 1994 in two Ministry of Health hospitals in the city of Arequipa, the second largest city in Peru. This was in preparation for a vaccine field trial to evaluate the efficacy of an oral killed whole-cell recombinant B toxin subunit I! cholerae vaccine.
A stool specimen or rectal swab was obtained by trained study nurses from each diarrhoea1 patient seen in the emergency rooms of the two hospitals 24 h/day, 7 days/week. Samples were inoculated into Cary Blair transport media and transported at ambient temperature to the microbiology laboratory where they were processed 24-48 h after obtaining the initial sample. Thiosulphate-Citrate-Bile salt-Sucrose (TCBS) Agar (Difco) was inoculated with the stool sample directly and after enrichment for 6-8 h in alkaline-peptonewater (pH 8.6) and incubated aerobically at 37°C for 24 h. Suspected V cholerae (yellow colonies) were characterised by standard biochemical reactions [ 1 11 and agglutinated with polyvalent and monovalent 0 1 antiserum (Denka Seiken, Tokyo, Japan 
Conjugal transfer assay
One recipient strain, Escherichia coli K-12 (1 85'), was selected for mating experiments and each of the five V metschnikovii isolates was examined studied for conjugal transfer. Mating mixtures were plated on nonselective L Agar (Difco) at 37°C for 4-5 h, after which growth was harvested, diluted and inoculated on to MacConkey Agar (Difco) supplemented with nalidixic acid 50 mg/L and appropriate concentrations of selected drugs.
Plasmid profiling and ribotyping
The strains were grown aerobically in Brain Heart Infusion Broth (BHI; Difco) for 5 h at 37°C. Plasmid preparation was by the method of Kado and Liu [13] , modified by incubating the cells at pH 12.75 for 30 min at 65°C during the lysis step. Electrophoresis and visualisation of plasmids was done essentially as described previously [ 141. Estimation of molecular sizes of each plasmid was achieved by the use of several reference plasmids from E. coli V517 (eight plasmids ranging from 54 to 2.0 kb) [15] and E. coli 39R 861 (four plasmids ranging from 147 to 6.9 kb) [16] . Plasmid DNA was extracted at least three times from all isolates.
Total bacterial DNA for ribotyping was extracted by the method of Murray and Thompson [17] . Based on previous studies, in which the restiiction endonucleases BglI and Hind111 (Promega, Madison, WI, USA) were used to discriminate isolates of V cholerae and l! anguillarum, respectively, these enzymes were used to digest DNA of the Y metschnikovii isolates [8, 10, 181. Ribotyping was performed by the procedure described by Dalsgaard et al. [lo] with digoxigenin-labelled 16s and 23s rRNA probes. A 1-kb mol. wt standard (Gibco BRL, Gaithersburg, MD, USA) was used as a mol. wt marker.
Results and discussion
This study reports what is possibly the first outbreak of diarrhoea associated with I! metschnikovii. Five cases of l! metschnikovii infection were reported in 1994 from two hospitals in Arequipa, Peru, as part of a surveillance system for cholera. The cases were reported within a 10-day period, although the patients lived in distant communities in the outskirts of Arequipa. In addition, the Social Security Hospital in Arequipa was included in the surveillance. Hence, all major hospitals in Arequipa, which diarrhoea1 patients requiring medical attention in an emergency room could attend, were included in the surveillance with stool samples obtained from all individuals, with no age restriction. No further J! metschnikovii isolates were identified in the remaining surveillance period that covered the rest of 1994 and 1995 (Fig. 1) .
A summary of the clinical data of the five cases of J! metschnikovii infection is presented in Table 1 . The patients ranged in aged from 11 to 20 months and included one female patient. Three patients experienced vomiting within 24 h following admission to hospital and three patients showed elevated temperature (cases 1, 3 and 5). Cases 1 and 2 were hospitalised and received intravenous rehydration. All patients showed symptoms diagnosed as acute diarrhoeal disease, including frequent passage of liquid or semi-liquid stools (Table 1) . However, two patients (cases 1 and 5) produced liquid diarrhoea with traces of blood. Unfortunately, screening of stool samples for other enteric pathogens was not part of the surveillance program in Arequipa. Hence, it is not known whether a second pathogen could have been the primary cause of the diarrhoea. However, since the last case was reported on 18 April 1994, no further cases of diarrhoea associated with l! metschnikovii infection have been reported (Fig. 1) .
Previously, only one case of diarrhoea associated with V metschnikovii has been reported when a 60-year-old woman with diabetes mellitus and a hepatoma developed diarrhoea [l, 71. In the present study it was not possible to elucidate the transmission of l! metschnikovii from the patient data and no evidence of a common source of infection was found. However, as V metschnikovii is often found in water and seafood, such samples may have been vehicles of transmission [3]. The search for new cases of diarrhoea associated with V metschnikovii is being continued in a passive surveillance system in order to carry out a casecontrol study and to identi@ potential risk factors.
The biochemical reactions of the five clinical isolates of l! metschnikovii are shown in viously, variations were reported in the results of the citrate test and in the ability to produce indole, whereas a high prevalence of the isolates tested showed a positive reaction in the Voges-Proskauer test [l -31. As reported in a previous study of two clinical I.: metschnikovii isolates, a double zone of haemolysis surrounding individual colonies and discolouration of blood cells in the area of confluent growth were observed for all isolates [6] . The reference strain NCTC 8443 demonstrated some different phenotypic characteristics when compared with the clinical isolates, which is in agreement with an earlier study of J! metschnikovii strains in which the reference strain was less versatile and unable to grow on TCBS [3] . Culture collection strains are often subcultured over many years and may have changed phenotypically and genotypically [3] . As growth of metschnikovii on TCBS may be reduced, additional media should be used for the isolation of this species [11- During the characterisation of J! metschnikovii an interesting phenomenon was observed. When cultures were plated on to Tryptic-soy-casein agar (Difco), a mixture of opaque and translucent colonies of each clinical isolate was observed, whereas strain NCTC 8443 produced translucent colonies only (Fig. 2) . In studies of ? ! vuZniJicus, a similar variation in colony morphology was observed [19] . It is well established that opaque cells of J! vuZniJicus, which are capsulate, are virulent for mice, resistant to the bactericidal activity of human serum and can utilise transferriniron for growth. In contrast, translucent cells are noncapsulate or have decreased capsular material, are avirulent, serum sensitive and cannot grow in ironlimited media, even in the presence of iron-bound transferrin [20, 21] . However, the importance of capsular material in the pathogenicity of J! metschnikovii remains to be elucidated.
In the API 20E system two 7-digit profiles, 3007320 and 3007120, were shown for the clinical isolates reaching identification scores of 0.98 and 0.96, respectively, which suggest J! metschnikovii as the most likely taxon. However, when the API 20E assay was repeated in another laboratory, two different 7-digit profiles were produced, 1002220 and 3002220, neither of which suggests J! metschnikovii as a likely taxon. Thus, the variation in results obtained with the API 20E assay indicates that the assay may be inadequate for the identification of J! metschnikovii.
The clinical isolates all showed resistance to ampicillin, erythromycin and streptomycin, whereas the reference strain was susceptible to all antimicrobial agents tested. Isolate AR002 also exhibited intermediate resistance to polymyxin B, trimethoprim/sulpha-A. DALSGAARD ETAL. Of the five isolates studied in mating experiments, AR002 and AR006 yielded exconjugants on MacConkey agar plates containing nalidixic acid and ampicillin. However, following subculture on non-selective agar and plasmid analysis none of the exconjugants contained plasmids, and each isolate was found to be sensitive to ampicillin as demonstrated by disk diffusion. It is likely that plasmid DNA was transferred, although exconjugants may have lost any transient plasmid DNA because of subculture on non-selective agar or in non-selective enrichment broth. No exconjugants were found on MacConkey agar plates containing nalidixic acid and erythromycin or on plates containing nalidixic acid and streptomycin. The importance of the 200-kb plasmid requires further investigation.
The results of ribotyping with the restriction endonucleases Bgfl and Hind111 are shown in Fig. 4a and b, respectively. The clinical isolates showed identical BglI ribotypes with nine DNA fragments ranging from 5.5 to 13 kb. Identical ribotypes were also obtained Fig. 3 isolates ( Fig. 4a and b) . Thus, the ribotyping results produced with two different restriction endonucleases support the results of the antibiotic susceptibility testing and plasmid analyses indicating that a single clone of I! metschnikovii was associated with the five cases of diarrhoea.
Previous ribotyping studies of Vibrio spp. with the restriction endonucleases BgZI and Hind111 have demonstrated a high discriminatory power of the two enzymes, and have shown a high degree of heterogeneity among environmental and clinical isolates typed [9, 10, 181 . Thus, if K metschnikovii was not associated with the diarrhoea cases, it is likely that the five isolates would have shown different ribotypes. However, .additional I! metschnikovii strains and restriction endonucleases should be typed and evaluated before the most suitable enzyme for ribotyping can be determined.
Few studies have been carried out to investigate the pathogenicity of I! metschnikovii. However, the double zone of haemolysis exhibited by each isolate suggests that a cytolysin or a haemolysin may be an important virulence factor. Miyake et al. [7] purified and characterised a cytolysin produced by a Y metschnikovii isolate from the faeces of a patient with diarrhoea. This heat-labile extracellular cytolysin which had a mol. wt of 50000, lysed erythrocytes from several animal species and showed no immunological similarities with other haemolysins of pathogenic vibrios [7] . Furthermore, the cytolysin caused fluid accumulation in the intestines of infant mice and increased the vascular permeability of rabbit skin. Similar activities were also observed in the culture supernate of the I! metschnikovii isolate and were completely neutralised by anti-cytolysin antibody raised against the purified cytolysin, indicating that the cytolysin may act as an enterotoxin [7] . However, further studies are needed to determine the importance of the cytolysin and other possible virulence determinants, including the production of capsular material. If further studies suggest that K metschnikovii is pathogenic for man, only volunteer studies may finally prove its pathogenicity.
In conclusion, this study provides the first evidence that I! metschnikovii strains may have diarrhoeagenic potential for man through as yet unknown mechanism(s) and may cause outbreaks.
